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1.  Introduction
On the one hand, archaeologists study the 
relationships between human behaviour and 
material culture (Skibo, Walker, and Nielsen 
1995). On the other hand, Psychologists have 
studied the relationship of how the audience 
engages and retains the information given in a 
museum (Shapiro and Kemp 1990). Multimedia 
and new technologies allows users to engage 
and retain this information through a different 
pathway. Creating a space for information and 
exchange, the mix of technology and historic 
information can enhance the interest and 
information retention of the audience. This 
project attempts to demonstrate this through 
experimentation with a museum element 
object, looking also to emphasise the benefits 
of multidisciplinary and multi-industry 
collaboration. 
The project consisted in several stages: [1] 
The elaboration of a 3D replica of a building in 
Portus and its renders. [2] Translation from the 
digital model into a 3D Print physical object. 
[3] Placing the 3D model on a printed plan of 
Portus combining it with Augmented Reality 
replicas presenting secondary buildings and 
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characters. [4] Projection of textures on the 3D 
physical object. [5] Automation of the camera 
used for the augmented reality. 
Through visual communication methods, 
it is thought that the information can be 
distributed to a wider audience. As case study, 
the project focused on the warehouse no.17 of 
the archaeological site of Portus, Italy.
2. Design Interpretation: the Case of 
Portus
Portus is a Roman archaeological site 
in Italy. The Portus Project covers a wide 
range of archaeological research techniques 
such as geophysical survey, excavation and 
archaeological computing methods. This project 
has been developed in various stages and it 
has involved the work of several international 
scholars, presenting a very good opportunity 
for the implementation of our project. 
The Portus Project is comprised of 
research schemes by the University of 
Southampton and Cambridge University, 
and it aims to make the archaeological site a 
“learning” site. Due to the amount of different 
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aims and sub-projects undertaken within the 
main project, a number of working teams have 
been assembled from several disciplines. The 
research group promotes the use of computer 
graphics to assist with the interpretation and 
to present the archaeological information. The 
purpose of this has been to enhance the general 
pedagogic experience and to accelerate the 
learning curve required to fully understand the 
site. However, one of the essential challenges 
of the archaeological site is that there is no 
evidence of how the buildings used to look in 
the past. The only information available is 
found in architectural plans of the building 
remains, excavation data and the geophysical 
surveys (Keay 2009). This lack of information 
presents an adequate case to experiment with 
the interpretation process for the models.
3. Methodology
The interpretation of the archaeological 
site has to be based on archaeological and 
historical evidence. In the case of this project, it 
was considered the role of the designer to blend 
these two sources into a visible installation that 
helped in the visualization of archaeologist’s 
interpretations of the site. The information for 
the visualization was based on the Roman site of 
Ostia, following the work of Diana Kleiner and 
the previous visualisations from ‘The Portus 
Project’ of the University of Southampton 
(Kleiner 2009; Keay 2005). Archaeological, 
architectonical and historical research along 
with the views of the project specialists are 
important part of the interpretive and creative 
process for the designer, since it is here where 
an interdisciplinary approach can help to 
deliver the information.
4. Reconstruction
The reconstruction process in 3DCAD 
techniques was based on research produced 
by archaeologists and historians. There is 
always a chance to bring the artistic element. 
Archaeologists and researchers can produce a 
database of textures annotated with metadata 
in order to document the implementation of 
such texture on the model. This will provide 
information to the designer, curators, the team 
and other groups about their recommended 
usage. Furthermore, when comparing 
proposed textures, other users can be able to 
contextualise such visualisation, documenting 
their implementation in the object.
The basic methodology used for the 
reconstruction of the building was as follows:
• Historical research of the archaeological site.
• Study of alternative similar archaeological 
sites.
• Generic understanding of Roman ancient 
architecture.
• Image and texture gathering.
Portus presented a unique case for 
interpretation debate due to the lack of 
information about the original shape and 
height of the buildings (Keay 2009). This has 
led the research team to gather information 
from other cities and ports within the Roman 
Figure 1. Top: Model with projected texture. Lower left 
image: 3D print building next to the augmented reality 
building. Lower right image: 3D print of building.
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Empire. Including elements from external sites 
invites to debate different visualisation from 
different research groups. This project provides 
an affordable environment for such debate and 
collaboration.
5. Elemental Shapes
The work of Kleiner (2009) covers 
essential information about the architectural 
visualisation of sites like Ostia and in the case of 
this project, the information available alluding 
to elemental shapes of the buildings and the 
site were taken mainly from this author. 
Due to the predominant influence of Ostia 
on the history and development of Portus, the 
former site can be used as reference for the 
reconstruction of the architecture of Portus. 
In this case, the visualisation made reference 
to available evidence from this city. Most of 
the scholars involved with the visualisation of 
Portus had retrieved and adopted elements 
not only from Ostia, but also from Rome and 
Pompeii (Keay 2009). 
Buildings at Portus were constructed on a 
large scale by order of Emperor Adriano. This 
is evident in the warehouses and domestic 
buildings in the traditional cities previously 
mentioned. The large size of the buildings was 
partly influenced by Greek architecture (Kleiner 
2009). In Ostia, the warehouses (horrea) were 
used to store all supplies coming into the city 
and they presented the following two basic 
designs: internal courtyards with groups of 
clustered rooms around them or rooms placed 
back to back in double rows (Aldrete 2004). 
There was the need to provide housing for the 
people arriving at the port, so although the 
warehouses had a pre-designed purpose, there 
is evidence of their construction in an insular 
manner (Kleiner 2009; Aldrete 2004). The 
insular buildings were usually three or more 
storeys tall in which housing was provided for 
people with fewer resources (Kleiner 2009). 
Most of the insular buildings that had any rooms 
facing towards the street were used as taverns, 
thermopolyums or shops (Aldrete 2004). 
Most Roman buildings had gable roofs and 
the use of tiles is very common so warehouses 
and insular buildings are no exception 
(Kleiner 2009). The use of gable roofs was also 
implemented in Ostia, Rome and Pompeii and 
several warehouses and temples within Ostia 
remain standing as evidence of this.
Within the warehouses there are other 
elements like the dolia. The dolia were four-
walled enclosures underneath a surface 
consolidated by ceramics. They were used to 
store liquids such as wine or olive oil (Aldrete 
2004). In addition, due to the architectural 
preferences of the Emperors Adriano and 
Trajan, there are several ornamental elements 
that are also present within the warehouses. 
Elements such as pediments, friezes, architraves 
and plates would form part of the main entrance 
(Kleiner 2009). They were meant to embellish 
and imperialise the entrance, and at the same 
time, the whole building. The use of arches and 
pillars for the main entrance within Portus is 
emulated from the main entrance of one of the 
warehouses from Ostia. Since Roman society 
paid particular attention to details, items like 
stucco mouldings and the Dent du Loop are 
always present within many architectural 
objects in Ostia, Rome and Pompeii (Aldrete 
2004; Kleiner 2009).
By the 3rd century AD, there is evidence 
that buildings were being re-occupied in Ostia. 
At the time Portus was adopting the role of 
an industrial port, Ostia started to become 
a seaside resort for wealthy people (Aldrete 
2004). During AD 62, Portus lost over 200 
ships within the Claudian harbour due to 
a storm. This resulted in one of the most 
outstanding elements within Portus Port: the 
Trajanic basin. This basin was built to act as an 
harbour so the ships could navigate safely and 
be protected from natural phenomena (Aldrete 
2004). 
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In the case of this project and taking into 
account this information, the plan of the site 
produced by the University of Southampton 
(Keay 2009) was utilised to establish essential 
dimensions of the building and create a 3D 
object depicting the building of interest. The 
defined size of the top plan of the building 
yielded adequate information to define the 
fundamental object. After combining the 
information from the three dimensional GPR 
interpretation vector data in which the elevation 
of the model is expressed (Ogden 2009) within 
the original plan, the basic cubic space of the 
object was generated using Vectorwoks, a 3D 
BIM software. 
To subdivide the different spaces and 
proportions of the objects that create the 
building, the Fibonacci Number sequence was 
applied. The use of the Fibonacci Number 
in historical Roman and Greek buildings is 
present throughout history in almost every city 
(Elam 2001). It is through this method that 
every element within the model was produced 
in direct proportion to the essential “central 
square” of the building. The model contains 
doors with architectural ornamentation system 
called fornix, which consists of a simple row of 
arches around the frame. 
6. Texture Interpretation
Under the command of Emperor Nero, 
Rome was enormously affected by what is now 
known as the Great Fire of AD 64 (Aldrete 
2004). This event changed the architecture 
of the Roman Empire. Romans realised that 
the stones used to build their own houses 
could burn. They used bricks as an alternative 
and, later on, these became the standard for 
industrial places like Portus or Ostia (Kleiner 
2009). The exposed bricks gave a different 
visual appearance to architectural elements.
Taking this into account, the use of 
procedural textures was chosen to visualise 
these elements. Through procedural textures, 
an algorithm react with the textures to generate 
photorealistic results that can represent wood, 
water, fire or rock (Murdock 2006). These 
objects allow the render to present the exposed 
bricks of the walls of the warehouse, mosaics, 
internal flooring and walls. The colouring of 
the procedural textures were combined with 
a standard picture of a brick with 20% orange 
and an image of dirt to make the texture less 
plain.
Ostia presents murals and flooring with 
mosaics the same as Rome and Pompeii. The 
difference is that Ostia people presented all 
their mosaics in black and white. This is because 
Ostia, in common with Portus, was a working-
class city (Kleiner 2009). The use of colour 
was more common in higher-class cities like 
Pompeii or Rome. Ostia is indeed known as the 
“Black and White City” (Kleiner 2009). Most 
of the mosaics of Ostia present themes related 
to the sea. Items like dolphins, Neptune, and 
ships are the most commonly used elements. 
It is through these mosaics that we discover 
evidence of lifestyles of the period.
Based on this information, the renders 
only present black and white imagery for 
the mosaics. This was decided presuming 
that Portus’ proximity to Ostia may imply a 
contextual similarity in both places.
Figure 2. Basic geometry representation of buildings.




7.1 3D Building 
As said before, the first step in the project 
was to create a 3D model of the warehouse. 
The modelling of the building needed to be 
adapted to the size of the plan. For this reason 
a complete understanding of the space was 
required. Combining the plans from Lanciani, 
Lugli & Filibeck, Testaguzza from the Portus 
Website of University of Southampton (Keay 
2009) and Google Maps, a general plan was 
created in order to give a spatial context to the 
buildings. The model was produced depicting a 
multi-storey insular building with many details, 
expressing the specific building techniques 
from that specific period.
Vectorworks was the chosen software for 
the development of the architectural model. 
Although not open source, this software allows 
the user still to collaborate with other platforms 
such as Autocad with an optimised interface. 
Another benefit is that Vectorworks allows the 
user to work in 2D and 3D at the same time, 
accelerating the design and production process.
The model created contained essential 
architectural elements such as walls, floors, 
ceilings, doors and their frames. This allowed 
the model to be utilized in other applications 
outside Vectorworks. In the case of the 3D 
model, it was built with millimetre accuracy. 
Due to this, the 3D model contained more 
details than the 3D print in which greater 
details were omitted.
7.2 Texturing and Rendering
Once the original shapes were generated, 
the next process within the methodology was to 
texturize the objects. For this process, we looked 
to create visual interpretations of graphics and 
colour based on archaeological and historical 
data as mentioned in the section of ‘Texture 
interpretation’.
The textures needed to be mapped on 
the object through rendering. Rendering is the 
process in which geometry, lights, materials 
and position of the camera is synthesized 
image or sequence of images (Raghavachary 
2005). Most of the modelling applications 
provide rendering solutions. On the other 
hand, there are specialist-rendering packages 
like VRay, RenderMan, FormZ, Virtus, Mental 
Ray or Artlantis among others. Due to the 
use of Vectorworks for the development of 
the elemental shapes for the model, Artlantis 
represented the fastest and most accurate 
solution for the rendering process, providing 
direct linkage and file update from modeller to 
renderer.
As previously said, the elemental textures 
are based as a set of bricks to generate the 
exposed brick surface. Since the exposed 
brick needed to present some erosion, a 
second texture was embedded to the walls. 
This was a texture of a sandstone ground 
applied with some basic bump to generate 
the texture. Instead of creating holes or a 
physical (modelled) transformation, the bump 
technique uses the intensity of the raster image 
to create a virtual offset on the base of the face 
Figure 3. Black and white pattern for textures.
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of the texture (RenderPlus 2009), generating 
in this way a virtual physical transformation 
on the model. The main objective of avoiding 
using these types of techniques is to reduce 
the polygon count of the model, allowing the 
object to load faster into other applications. 
The images processed through Artlantis can be 
post-produced through Photoshop or any other 
photo retouching software in order to enhance 
the texture colour and contrast. 
Once the 3D modelling and texturing 
were ready, the next step was to prepare the 
installation. The installation required a solid 
object where the textures would be projected 
in order to represent several interpretations 
or several textures. For this, once the 3D 
model was built there was a need to re-scale 
it completely. In this specific case, the model 
was taken down to the scale 1:00025. This was 
important because at a smaller scale the detail 
would be virtually unnoticeable. This could also 
generate structural problems for the generation 
of the 3D print as described in the next section.
7.3 3D Print
There are several 3D printing processes 
from which the user can choose, depending on 
the budget and level of detail required. This 
project used the ZPrinter 450 by ZCorp. This 
type of printer uses a powder-based material, 
which is soaked in a liquid based polymer. 
The combination of materials, transforms 
into a solid once they become in contact with 
the light produced by a high resolution Digital 
Light Processor projector (ZCorporation 
2011). There are other types of 3D printers 
which use a process called stereo lithography. 
Experimenting with both processes, it was 
concluded that the costing difference and time 
of manufacture was more accessible using 
powder-based printers like the ZPrinter. 
ZPrinters uses file types like STL, VRML, 
PLY, 3DS, ZPR (ZCorporation 2011). This 
project worked with STL (Alpha_Prototypes) 
formats since they have been generated 
specifically for 3D printing (Autodesk 2011). 
Another advantage of working with STL files 
is that the model can be re-scaled in resolution 
to reduce its file size, accelerating processing 
time and that is reflected in the costing of the 
production of the prototype (Autodesk 2011; 
Alpha_Prototypes 2011).
The generation of the model for 
prototyping had to be pre-visualised before 
sending it to print. It was noticed that re-scaling 
the architectural building to a 1:00025 also 
Figure 4. Render of the 
warehouse.
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reduced dramatically the thickness of several 
parts of the model. The ZPrinter 450, produces 
a layer thickness in between 0.089 - 0.102 mm 
(ZCorporation 2011). This means that many 
elements became virtually unprintable. To 
solve this issue, it was required to re-structure 
the model just for prototyping purposes. In this 
case, VectorWorks provides a protrusion and 
cut-out tool to add strength to the areas that 
may required it. At the same time, with the 
rescaling of the elemental structures, some of 
the details had to be removed due to the result 
of the scale of the object. 
8. Installation
8.1 Technology
The installation involved several 
technology elements that complemented each 
other to provide the best interpretation. One of 
the technologies used was Projection Mapping, 
which constitute a process of projecting images 
to assemble them onto a substrate. In this case 
the substrate was the 3D print model of the 
building. 
There has been already several cases 
in which projection mapping has been 
implemented in art projects. These projections 
have been used very commonly with large 
buildings. Examples of this are the projects 
developed by the company Mr Beam (Mr.Beam 
2011). There have been other cases in which 
real size objects have been used. Examples of 
this is the projected face on to a mannequin 
head depicting a realistic face with movement 
displayed on the Exeter’s Underground 
Passages Museum, or the Wax Museum in 
Mexico City. 
The implementation of projection 
mapping on to 3D printed models can allow 
the generation of several interpretations of 
the same object, helping to solve or to address 
specific questions in relation to time, occupation 
or even construction techniques. This type of 
technology allows the project to keep evolving 
without investing again in equipment, through 
simply updating the graphics to be presented. 
In this specific case of the Portus Project, 
the lack of evidence makes the labour of the 
archaeologist more difficult. The interpretation 
Figure 5. Projected 
textures on model.
Figure 6. Part of the 
graphic for the right wing 
of the warehouse, showing 
some storage in its interior.
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of the site could differ in between archaeologists 
or researchers. For this reason, these methods 
allow scholars not only to provide and share 
their interpretation of the same object, but also 
to compare interpretations.
To project the interpretation textures on 
to the 3D building prototype, the installation 
used a DLP projector. DLP projectors are 
less powerful than LCD but for the sake of 
aesthetics, DLP provides a smaller but easier 
to manage projector. The actual model used 
was the Optoma Pico a 10cm by 5cm projector 
mounted on a flexible GorillaPod tripod. There 
were other LCD and DLP projectors tested in 
which the Optoma presented the best overall 
solution. Another element that the Optoma 
brings to the project is its low cost value. All 
these projectors work with a standard VGA 
cable that allow any standard computer or 
even tablets to be connected and used for the 
installation.
The interface to manage the projections was 
developed with Flash technology. This allows 
easy access to change colours, interpretations 
or any other embedded elements. Once all 
these elements were integrated, the result was 
an installation showing the main plan of Portus, 
the 3D printed building and the projector that 
will be projecting the interpretations of the 
warehouse on to the 3D print. Although only one 
warehouse was printed, an additional important 
element considered was the possibility of 
representing the full site integrating the other 
buildings. 
For the augmented reality there were 
two other models of buildings created for the 
installation. In this context, augmented reality 
has the advantage of allowing to embed an 
unlimited amount of models. In this manner, 
when archaeologists present new information, 
a new model can be ‘mounted’ as an 
alternative providing various interpretations. 
In this example, the project presented a large 
warehouse and another insular building to 
both sides of the 3D printed building prototype. 
Not only the dimension of the building can be 
compared in relation to the other buildings, 
but also the architectural standard for the 
archaeological site. 
Another augmented reality element within 
the installation were two human characters 
used for the rendered elements. Originally this 
project was focused on presenting only the 
architectural elements. These were brought 
in at a later stage since integration of human 
figures can provide the audience a better 
understanding of the scale of the site. One is a 
female Roman character and the other one is 
a soldier. Both characters are presented within 
independent augmented reality markers. 
This means that the models can be presented 
individually, together, or even along the side 
of the buildings. Augmented reality allows the 
characters to be moved or change position 
since they were loaded as 3D objects, which can 
be seen from any angle in a screen.
There are several companies providing 
Augmented Reality solutions. Most of them 
charge for renderers, visualizers and plug-ins 
(Inglobe-Technlogies 2012). The objective of 
this project was to produce resources available 
to any institution or individual. It was opted to 
choose Flash as the main interface, where the 
Spark library, a full augmented reality script 
can be implemented to enable the camera to 
recognize the markers needed to mount the 3D 
object (Beinteractive.org 2009). In order to use 
real 3D objects on flash it is required to use the 
Papervision3D libraries (Papervision 2010). 
This way, the project was capable of loading a 
Figure 7. 3D object on the plane.
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3D object through Papervision3D and mapping 
it on the marker with Spark. The ActionScript 
3.0 libraries are open source libraries and there 
are other alternatives to avoid using the Adobe 
platform. The flash interface produces a SWF 
file which player is completely free to distribute 
and can be downloaded from the Adobe website.
9. Interactivity and Engagement
The idea behind the use of technology 
has been to create an installation as immersive 
as possible. Due to the fact that information 
and interpretations of archaeological sites can 
evolve, this kind of project has to be as receptive 
as possible. This is to say that there is a need 
to be in constant communication with the 
disciplines involved and to receive feedback.
For that, the installation was created with 
users in mind, allowing them to explore the 
installation at will. As said before, Augmented 
Reality technology works based on a camera 
that loads a 3D object targeted from a marker. 
This camera could be static or mobile presenting 
the content. In this case, the project enabled 
the user to control that camera. The control of 
the camera will probably be appealing to the 
audience inviting them to explore the space, 
enhancing the engagement of user and site.
The control uses a servomechanism 
controlled by a potentiometer, which is 
managed by an Arduino chip; it can also be 
programmed to be fully automated. Using 
Arduino and these types of components is 
also a low cost solution, enabling the project 
to keep adapting for further applications. The 
Arduino chip is completely open source and the 
mounting instructions and code can be found 
in several online forums (Ferguson 2012).
The characters provided for the augmented 
reality can be positioned anywhere within the 
plan and moved in any direction. This allowed 
the installation to ‘refresh’ its appearance 
after a certain amount of time. Alternatively, 
the characters can be presented individually 
for the sake of understanding the details of 
their costumes. This can be achieved through 
a different presentation screen or interface 
within the installation, or completely within a 
new presentation or context.
10. Troubleshooting
The process of developing installations 
with these types of technologies involved 
testing the available equipment in order to 
produce the best result. Most of the projections 
mapping examples available have been applied 
on to large surfaces like buildings or rooms. The 
technology available has been designed to work 
at a large scale and it is similar to working with 
big format printing. Similar to a poster that is 
Figure 9. Arduino and servo controlling the camera.Figure 8. Upper left and lower left figures: the 3D printed 
model along with the augmented reality buildings. Upper 
right figure: the human AR characters. Lower right 
image: the Arduino device and a window looking at a 
camera view of the Portus plane with the AR buildings.
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required to be seen from a long distance and 
requires a large format, its printing resolution 
is taken down to reduce costs and accelerate 
the process. The prototype has 30 cm width 
of projection space. This means that the scale 
of the projection area is smaller than intended 
as a regular use. This makes the user more 
sensible to the detail of the projection. Along 
this, the DLP projectors generate blurriness 
on the edges of the object that on a large scale 
avoids having big pixels on the projection. In 
this case creates an effect of blur on the image 
projected. This generated a problem with 
one of the interior areas. The thermopolyum 
projected on the left side of the building did not 
contain enough resolution to actually notice the 
architecture. Different projectors with higher 
resolution provided a better result but still not 
good enough to keep the element there. Because 
of this it is important to analyse and know the 
capabilities of the projection technologies used 
and define or adapt the interior elements to be 
able to provide a good size projection and fulfil 
the installation’s purpose.
In this case, increasing the scale of the 
prototype did not seem like viable, due to the 
scale of the entire plan, but a more detailed 
presentation of that specific building as an 
independent installation can provide the 
exploration of other aspects such more specific 
architectural detail.
On the other hand, modelling the objects 
presented many issues when loading them 
on to the augmented reality application. 
Papervision requires a Collada object, therefore 
it is important to provide a .dae model. These 
models were generated from several 3D cad 
applications. These applications use a fine 
triangulation process to generate the objects. 
This creates the application to process more 
shapes and slows the computer down resulting 
in frame drops. The solution in this case was 
to reduce the polygon count into a coarser 
triangulation. This will produce a less defined 
model or prototype that provides a faster 
processing result.
11. Further Development
Several applications allow augmented 
reality or 3D models to be rendered in real time. 
The project used Flash as the main technology 
since it is already distributed through the web 
and most of the computers have the Flash 
player installed on their browsers.
Implementing content with Unity and 
WebGl would probably be the next to distribute 
in alternative ways 3D content. Working with 
3D and augmented reality for mobile has 
become more popular and this may expand 
the user experience opening opportunities for 
institution and individuals to implement new 
ideas.
Further opportunities for the project 
involve automating of the augmented reality 
cameras. Another implementation for the 
installation may be to use an Arduino robot with 
a camera mounted on the top following a path 
drawn on the plan of the installation showing at 
the same time the augmented reality markers.
Regarding modelling, most of the models 
were loaded as polygon-based models. It is 
imperative to be able to produce models that are 
capable of loading with ease on mobile phones 
to be able to create a sustainable technology 
capable of being applied anywhere.
12. Conclusions
The aim of this project was to use design 
elements as mediums of communication. 
Exchanging information between different 
disciplines (Graphic Design, Museum 
Studies and Archaeology) this project has 
been able to consolidate quite successfully. 
The interdisciplinary approach taken from 
Graphic Design allows projects like this 
to be implemented. The project combined 
disciplines including archaeology, architecture, 
multimedia, visual communication and 
education among others, attempting to 
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produce a tool that helps visualizing diverse 
representations through an intuitive installation 
that can be implemented anywhere.
The line where the duty of each specialty 
finishes has become less visible as technology 
and industries evolve. It is difficult to pre-plan 
when to bring specialists from other areas into 
the field that is being developed will be required. 
The familiarization of specialists with these 
types of projects can promote other disciplines 
to become more open to collaboration. 
However, one of the main obstacles 
implementing technology is usually monetary. 
For this reason the project has pursued the idea 
of utilizing as much as ‘open source’ material as 
possible to motivate researchers to experiment 
with these kinds of technology and promoting 
interdisciplinary research.
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